The constitutive androstane receptor and pregnane X receptor function coordinately to prevent bile acid-induced hepatotoxicity.
A double null mouse line (2XENKO) lacking the xenobiotic receptors CAR (constitutive androstane receptor) (NR1I3) and PXR (pregnane X receptor) (NR1I2) was generated to study their functions in response to potentially toxic xenobiotic and endobiotic stimuli. Like the single knockouts, the 2XENKO mice are viable and fertile and show no overt phenotypes under normal conditions. As expected, they are completely insensitive to broad range xenobiotic inducers able to activate both receptors, such as clotrimazole and dieldrin. Comparisons of the single and double knockouts reveal specific roles for the two receptors. Thus, PXR does not contribute to the process of acetaminophen hepatotoxicity mediated by CAR, but both receptors contribute to the protective response to the hydrophobic bile acid lithocholic acid (LCA). As previously observed with PXR (Xie, W., Radominska-Pandya, A., Shi, Y., Simon, C. M., Nelson, M. C., Ong, E. S., Waxman, D. J., and Evans, R. M. (2001) Proc. Natl. Acad. Sci. U. S. A. 98, 3375-3380), pharmacologic activation of CAR induces multiple LCA detoxifying enzymes and provides strong protection against LCA toxicity. Comparison of their responses to LCA treatment demonstrates that CAR predominantly mediates induction of the cytochrome p450 CYP3A11 and the multidrug resistance-associated protein 3 transporter, whereas PXR is the major regulator of the Na+-dependent organic anion transporter 2. These differential responses may account for the significant sensitivity of the CAR knockouts, but not the PXR knockouts, to an acute LCA dose. Because this sensitivity is not further increased in the 2XENKO mice, CAR may play a primary role in acute responses to this toxic endobiotic. These results define a central role for CAR in LCA detoxification and show that CAR and PXR function coordinately to regulate both xenobiotic and bile acid metabolism.